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Osteoporosis is increasingly recognized as a major public health problem
in most countries around the world. Because fracture, the clinical mani-
festation ofthe disease, is a variable event and a dichotomous trait, most
genetic studies have been based on surrogate measures such as bone min-
eral density (BMD), which can be measured with high accuracy and pre-
cision (1). Each standard deviation decrease in BMD is associated with
an approximate twofold increase in fracture risk (2,3), which is similar to
the magnitude of association between hypertension and cardiovascular
disease. Thus, identifying factors that are involved in the determination
ofBMD is important in osteoporosis research.
One of the remarkable features of BMD is that it is normally dis-
tributed with a virtually constant variance throughout life. Although
BMD shows an age-dependent pattern of an initial increase with
growth and subsequent decline in later life, twin studies have shown
that at each stage of life, genetic factors account for up to 70-80% of
the variance of BMD (i-6). Multiple genes appear responsible for
determining BMD at various skeletal sites (4V, and it has been suggest-
ed there are at least 60 genes involved in osteoporosis (8).
Of the two common strategies used for identifying genes that
influence BMD, the candidate gene approach and genome-wide scan-
ning, the former has been most frequently used to date. Two candidate
genes have received the most attention, namely, the vitamin D receptor
(VDR) (9) and the collagen I alpha I (COLIA) genes (10). Following
the initial demonstration of association between noncoding polymor-
phisms in the VDR gene and BMD, numerous subsequent studies have
either confirmed or refuted the association; overall, a significant associ-
ation ofweaker magnitude has been suggested (11), which is consistent
with the finding from the original study after correcting for genotyping
errors (12). Remarkably, the association was found to be reversed in
one Finnish study (13). Similar controversy also exists for the COLIAI
gene. A variety ofexplanations for these findings exists, including inad-
equate sample (14), population selection, linkage disequilibrium, and
gene-environment interactions.
The fact that the intraclass correlation in monozygotic twins is less
than 100% indicates that there are significant environmental influ-
ences on BMD, and how genes interact with environmental factors is
an issue that has been largely ignored. Reports of opposite associations
in different populations for the VDR gene, as noted above, suggest the
genotype may confer beneficial effects in the presence of certain
environmental exposure, but could have unfavorable effects in their
absence. It is unclear just what environmental effect could lead to
reversal of phenotypic expression for the VDR gene, but some studies
have suggested that dietary calcium intake may modify its expression
(15). Dissecting the effects of gene-environment interactions on mea-
sured phenotypes such as BMD is further complicated by variation in
the dose of environmental exposure in different populations and the
likelihood that multiple genetic loci are involved.
Detection of gene-environment interaction is not an easy matter. A
single simple observation of differential effect between genotypes of a
genetic marker across different environmental milieu is not sufficient
evidence for gene-environment interaction. Indeed, given the multi-
plicity ofgenetic loci, their potential nonadditive effects, and the wide
range of environmental factors likely to be involved in the determina-
tion of osteoporosis susceptibility, a systematic search for interaction
between effects of alleles and environmental exposure is required. The
chances of detecting gene-environment interactions are greater when
the relevant environment can be measured, but sophisticated statistical
procedures are still required (16). As well as interpopulation effects, the
assessment of gene-environment interactions in osteoporosis should
also be considered at an intrapopulation level to address a number of
specific issues: 1) Which genetic loci are involved in determining the
response of an individual's BMD to changes in the environments? 2)
Are these the same genetic loci that determine the genetic contribution
to the heterogeneity of intersubject variability in the level of BMD
within a population? and 3) How do the effects of genetic variation,
which influence intermediate risk factor traits, combine etiologically
with environmental factors and the effects ofother genes to explain the
variability in susceptibility to osteoporosis?
The concept ofgene-environment interaction may also have rele-
vance in public health. Instead of identifying subjects with high risk
(based on environmental exposure) or focusing on all subjects in the
population, it may be possible to identify subjects with both environ-
mental exposure and a high-risk genotype. This gene-environment
interaction preventive strategy could improve the cost-effectiveness, as
it increases the sensitivity and specificity ofa preventive program.
The search to identify genes that predict osteoporotic fracture risk
is an important goal, but investigators who ignore the potential for
gene-environment interactions are likely to find considerable variation
in reports in subsequent studies aimed at confirming or refuting the
role ofindividual genes.
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NIOSH Publishes Occupational
InjuryResearchStrategy
NORA The report Traumatic Occupational Injury
Research Needs and Priorities was recently
Traumatic OccupationalInjury
published by the National Institute for
u io Injur.y I Occupational Safety and Health (NIOSH).
RusearchNeedsandPriorities The report covers one of the 21 priority
areas identified as a part of the National
AReportbytheNORATraumaticIn Team Occupational Research Agenda (NORA), an
effort by NIOSH to developa framework to
guide occupational health and safety research
for the next decade.The report was prepared
by a team of experts from government,
industry, labor, and academia, and covers
researchobjectives in the areas ofsurveillance,
analytlc lnjury research, prevention and
U*w \ control, implementation, and evaluation.
Copies ofthe report,DHHS (NIOSH) PublicationNo. 98-134, maybe obtained from
NIOSH Publications Dissemination, 4676 Columbia Parkway, Cincinnati,OH 45226-1998 USA,
1-800-356-3674, fax: 513-533-8573, e-mail: pubstaft@cdc.gov.
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